A Machine-Learning Classification Tree Model of Perceived Organizational Performance in U.S. Federal Government Health Agencies by Kang, In-Gu et al.
Boise State University 
ScholarWorks 
Organizational Performance and Workplace 
Learning Faculty Publications and 
Presentations 
Department of Organizational Performance and 
Workplace Learning 
9-2021 
A Machine-Learning Classification Tree Model of Perceived 
Organizational Performance in U.S. Federal Government Health 
Agencies 
In-Gu Kang 
Boise State University 
Nayoung Kim 
University of Wisconsin-Madison 
Wei-Yin Loh 
University of Wisconsin-Madison 
Barbara A. Bichelmeyer 
University of Kansas 
sustainability
Article
A Machine-Learning Classification Tree Model of Perceived
Organizational Performance in U.S. Federal Government
Health Agencies
In-Gu Kang 1,* , Nayoung Kim 2 , Wei-Yin Loh 3 and Barbara A. Bichelmeyer 4


Citation: Kang, I.-G.; Kim, N.; Loh,
W.-Y.; Bichelmeyer, B.A. A
Machine-Learning Classification Tree
Model of Perceived Organizational
Performance in U.S. Federal
Government Health Agencies.
Sustainability 2021, 13, 10329. https://
doi.org/10.3390/su131810329
Academic Editors: Lenka Ližbetinová,
Eva Nedeliaková, Miloš Hitka and
Christian Vandenberghe
Received: 21 August 2021
Accepted: 12 September 2021
Published: 16 September 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Department of Organizational Performance and Workplace Learning, College of Engineering,
The Boise State University, Boise, ID 83706, USA
2 Center for Tobacco Research and Intervention, School of Medicine and Population Health,
The University of Wisconsin-Madison, Madison, WI 53711, USA; nkim86@ctri.wisc.edu
3 Department of Statistics, The University of Wisconsin-Madison, Madison, WI 53706, USA; loh@stat.wisc.edu
4 Office of the Provost, The University of Kansas, Lawrence, KS 66045, USA; bichelmeyer@ku.edu
* Correspondence: ingukang@boisestate.edu; Tel.: +1-(208)-426-4583
Abstract: Perceived organizational performance (POP) is an important factor that influences em-
ployees’ attitudes and behaviors such as retention and turnover, which in turn improve or impede
organizational sustainability. The current study aims to identify interaction patterns of risk factors that
differentiate public health and human services employees who perceived their agency performance as
low. The 2018 Federal Employee Viewpoint Survey (FEVS), a nationally representative sample of U.S.
federal government employees, was used for this study. The study included 43,029 federal employees
(weighted n = 75,706) among 10 sub-agencies in the public health and human services sector. The
machine-learning classification decision-tree modeling identified several tree-splitting variables and
classified 33 subgroups of employees with 2 high-risk, 6 moderate-risk and 25 low-risk subgroups of
POP. The important variables predicting POP included performance-oriented culture, organizational
satisfaction, organizational procedural justice, task-oriented leadership, work security and safety,
and employees’ commitment to their agency, and important variables interacted with one another
in predicting risks of POP. Complex interaction patterns in high- and moderate-risk subgroups, the
importance of a machine-learning approach to sustainable human resource management in industry
4.0, and the limitations and future research are discussed.
Keywords: perceived organizational performance; U.S. federal government public health and human
services employees; sustainable human resource management; machine-learning classification tree
model; industry 4.0
1. Introduction
An organization’s member shapes her or his self-concept and self-esteem by how
they perceive the image and prestige of the organization that s/he belongs to [1]. Being
a member of a high performing and highly regarded organization helps organizational
members develop self-continuity, self-distinctiveness, and self-esteem [2] since people
tend to “bask in reflected glory”, even though successes or achievements are not a direct
consequence of their efforts or activities [3]. Thus, employees who perceive that their
organization performs better than its competitors have a more favorable view of the
prestige and status of their organization and strong organizational identification with the
high level of perceived organizational performance (POP) [1].
POP is referred to as “the subjective measurement of employee perceptions regarding
an organization’s overall performance when compared to the rivals in the same sector” [4].
POP influences employees’ attitudes and behaviors, which in turn improve or impede
organizational sustainability. Sustainable human resource management (HRM) practices
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can engineer those attitudes and behaviors through targeted activities and practices. For
instance, POP due to perceived relationships within an organization strongly influences
employee attitudes or behaviors such as retention and turnover, and a favorable POP is
closely and positively correlated with organizational ability to retain talent [5]. The effect
of POP on employees’ retention or turnover ultimately helps improve an organization’s
sustainable competitive advantage [6]. Contrarily, an unfavorable POP has the opposite
effect. Therefore, organizations must improve POP to maintain a sustainable business.
Improving organizational performance has also been a critical concern of public ad-
ministration and management in the public sector [7–9]. Particularly with New Public
Management, a result- and business-oriented management approach has been emphasized
in public organizations such as governments to enhance organizational performance and
effectiveness for sustainability during several decades [9]. In an effort to improve organiza-
tional performance in the public sector, many scholars have investigated factors that are
associated with POP to better understand how organizational environments and climates,
and employees’ attitudes and behaviors affect POP [7,10].
Prior studies identified job satisfaction and employees’ perceptions of workplace
environmental factors that influence POP. In a study examining multiple job-related and
workplace environmental predictors of POP in a government setting, job satisfaction, de-
fined as “an affective or emotional response toward various facets of one’s job”, was the
strongest predictor of POP [11]. Among workplace environmental factors, culture can affect
POP. Specifically, cultivating a performance- or results-oriented culture by implementing
incentives, recognition systems, and performance management systems [12], is positively
associated with POP [13]. In one study that integrated leadership and federal program
performance, leadership had a significant effect on organizational performance [14]. Along
with a performance-oriented culture and leadership in the public sector, physical work
environments such as security and safety on the job are important to enhancing organiza-
tional performance. One prominent example is the one that investigates the implications of
the Hawthorne studies in the public sector, in which physical work environments, security,
and safety were significant factors in improving POP [15]. Organizational procedural
justice, referred to as “the extent to which the dynamics of the decision process are judged
to be fair [16]”, is also considered an antecedent of POP. In a recent study of examining
the mediating effect of organizational procedural justice in the relationship between diver-
sity and POP, organizational procedural justice had a significant impact on POP directly
and indirectly [17]. Another workplace environmental factor that influences POP is or-
ganizational commitment. Organizational commitment that promotes positive employee
identification and active engagement in an organization was found to have a significant
association with POP because highly committed employees are willing to put in more effort
to achieve organizational goals and to remain in the current organization [18]. According
to a goal-setting theory, employees strive to perform better when the goals are set up
clearly and specifically [19]. Teams with a higher level of goal clarity showed better team
performance [20]. In addition to these variables that affect POP, employees’ perceptions of
many other workplace environmental factors such as diversity management [21], trust in
leadership [22], and employee empowerment [23] have been examined in the public sector.
Although a wealth of predictors has been identified in prior studies, it is not easy
to integrate findings due to inconsistences and limitations in prior studies regarding
study design, different measurement selection, and analytic technique. Recently, Kang
and Bichelmeyer [24,25] attempted to systematically integrate findings and developed a
comprehensive human and organizational performance model. Results were gathered
from a representative sample of U.S. federal government employees, in which the model
addressed various organizational performance factors that affect employee behavior and
POP, including workplace and environmental factors. Previous performance models took
a piecemeal approach that included a single or small set of environmental/organizational
and human factors associated with POP [26]. This piecemeal approach is problematic when
developing planned interventions on performance improvement because the mechanism
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through which multiple environmental/organizational and human factors influence or-
ganizational performance remains unknown. Kang and Bichelmeyer [24,25] advanced
the knowledge base regarding a performance model by considering an integrated and
comprehensive approach, including a variety of individual and workplace environmental
factors that affect POP, and testing a mechanism through which those factors impact POP
directly and indirectly. Despite this integrated effort to better understand multiple predic-
tors of POP and the mechanism, there are still limitations on capturing the complexity of
interactions between multiple predictors of POP and developing targeted interventions
for at-risk subgroups who may develop low levels of POP. Although previous research
has contributed to an improved understanding of general indicators or processes that
contribute to high levels of POP among employees, some important questions remain.
Most studies have focused on independent rather than interactive effects [11,22] and
relied on data from the general workforce. Standard statistical models (e.g., logistic re-
gression and structural equation modeling) are often used to identify predictors of POP,
but they have some limitations such as lack of ability to identify complex, unspecified
interaction effects. In contrast, machine-learning classification decision-tree modeling is a
novel approach that efficiently identifies multiple, complex interactive effects of predic-
tors and classifies subgroups of populations (e.g., U.S. federal public health and human
services employees) at high or low risk based on a defined outcome (e.g., POP). A non-
parametric, machine-learning classification modeling [27,28] gained its popularity in the
human learning/development and management fields because it provides straightforward
interpretation based on decision-tree models and allows the researcher to analyze a high
number of variables and their interactions simultaneously with a large volume of data [28].
The literature comparing employees with high and low POP is, with some exceptions,
somewhat mixed. The inconsistency may be because some prior studies, particularly in
the public health and human services sector setting, have relied on small samples. Most
previous studies have also been limited by solely considering univariate relationships that
may have obscured important group differences between high and low POP. Some studies
have used traditional multivariable statistical models to examine which risk predictors had
independent relationships with the probability of making an attempt when adjusting for
others. However, none have used statistical approaches that allowed for the examination
of different pathways to low performance risk, possibly because of the small sample sizes.
Indeed, relationships between specific risk factors and POP are not apparent for all public
health and human services employees, as revealed by examinations of specific moderators.
For example, in previous studies, the associations between risk factors and POP varied as a
function of sex, individual characteristics, and others [11,15,18,20]. Thus, understanding
differences in POP between public health and human services employees not only calls
for replication in larger samples, but also requires that studies consider different ways of
combining risk factors. Approaches that consider many risk variables and their interactions
at one time may reveal novel information about multiple pathways that result in low POP
among public health and human services employees and clues as to the processes that
account for that transition. To our knowledge, this work has not yet been done among
public health and human services employees.
The objective of this study is to identify patterns of risk factors that differentiate
public health and human services employees who perceived their performance as low.
We advance previous work by using a large sample of workforce drawn from the Federal
Employee Viewpoint Survey (FEVS) database, including a broad array of individual and
workplace environmental factors in a single model, and employing machine-learning
classification decision-tree modeling. The strength of this approach lies in its ability to
model more complex and multidimensional risk processes that move beyond univariate
relationships or regression models to identify and differentiate patterns of risk factors that
are associated with a higher risk of low POP. This approach allows for the observation of
moderating effects that might otherwise be missed when using traditional model-based
approaches. Using an exploratory approach, this study seeks to identify constellations of
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individual and environmental risk factors that could become the targets of intervention
efforts in public health and human services employees who are at heightened risk for
low POP.
We have reviewed the previous studies that investigated a variety of predictors of POP
and addressed how the machine-learning classification decision-tree model overcomes the
shortcomings of traditional univariate or regression models in identifying the complex
interaction patterns of a large number of predictors of POP. In the following sections, the
materials and methods including data, measures, and data analysis are described, the
results of the machine-learning classification decision-tree model are reported, the major
findings and implications for the use of a machine-learning approach to sustainable HRM
in industry 4.0 are discussed, and limitations and conclusions of this study are given.
2. Materials and Methods
2.1. Data
We used data from the 2018 FEVS, a nationally representative survey of U.S. fed-
eral government employees. The U.S. Office of Personnel Management annually collects
the FEVS data to assess federal employees’ satisfaction with their job and perceptions
of working environments, rewards, opportunities and their agency performance. The
FEVS utilized a stratified sampling technique and sampled federal government employees
(e.g., full-time, part-time, permanent and non-seasonal employees) who were invited to
anonymously and voluntarily participate in a secure online survey throughout a 6-week
data collection period in spring 2018 that represented 83 federal agencies in the federal
government, ranging from department level to independent agency. The 2018 FEVS had a
government-wide 40.6% response rate. A more detailed description of the survey method-
ology can be found elsewhere [29]. The 2018 study included 43,029 federal government
employees (weighted n = 75,706) among 10 sub-agencies in the public health and human
services sector: Administration for Children and Families, Centers for Disease Control and
Prevention, Centers for Medicare and Medicaid Services, Food and Drug Administration,
Health Resources and Services Administration, Indian Health Service, National Institutes
of Health, Office of the Secretary, Office of Inspector General, and all other sub-agencies in
the Department of Health and Human Services. FEVS data are de-identified and publicly




Self-reported POP was measured by a single ordinal survey question: “My agency is
successful at accomplishing its mission” rated on a 5-point Likert scale that ranged from
1 = “strongly disagree” to 5 = “strongly agree”. About 81.8% (weighted n = 60,025) of the
FEVS participants strongly agreed or agreed with the high level of agency performance,
13.5% (weighted n = 9922) reported a neutral response, and 4.7% (weighted n = 3432)
strongly disagreed or disagreed with the high level of agency performance (See Table 1).
2.2.2. Predictor Variable
The study contained a set of 75 predictor variables that were comprehensively selected
from the FEVS variables to measure federal employees’ satisfaction with their job-related
factors and perceptions of working environments, and their agency performance. The
predictors included demographics (self-reported gender, racial minority status, educational
attainment, supervisory status, and organizational tenure) and employees’ attitude and
perception related to organizational environments such as performance-oriented culture,
organizational procedural justice, organizational satisfaction, task-oriented leadership,
work security and safety on the job, commitment to the agency, goal clarity, intrinsic
motivation, employee development, employee empowerment, management communica-
tion, trust in supervisor, rewards for innovation, senior leadership and satisfaction with
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job or senior leaders, diversity management. All study measures (survey items with re-
sponses used in the current study) can be found in the Supplementary Online Material
(see Supplementary Table S1).
Table 1. Selected sample characteristics of employees in 10 public health and human services agencies,
the 2018 Federal Employee Viewpoint Survey (Weighted n = 75,706).
Variable Unweighted n Weighted % (SE)
Gender
Female 24,730 62.9 (0.3)
Male 13,951 37.1 (0.3)
Minority status
Non-minority 20,159 47.4 (0.3)
Minority 17,435 52.6 (0.3)
Educational attainment
Less than college 5907 19.3 (0.2)
College or more 32,741 80.7 (0.2)
Supervisory status
Non-supervisor/team leader 32,607 82.0 (0.2)
Supervisor/manager/senior leader 7652 18.0 (0.2)
Organizational tenure
10 years or fewer 18,485 47.0 (0.3)
Between 10 and 20 years 11,429 29.6 (0.2)
More than 20 years 8956 23.4 (0.2)
Turnover intention
No 29,834 72.1 (0.2)
Yes 11,145 27.9 (0.2)
Job satisfaction
Very dissatisfied or dissatisfied 4539 10.9 (0.2)
Neither satisfied nor dissatisfied 6010 14.9 (0.2)
Very satisfied or satisfied 31,270 74.1 (0.2)
Perceived organizational performance
Strongly disagree or disagree 1695 4.7 (0.1)
Neither agree nor disagree 5059 13.5 (0.2)
Strongly agree or agree 35,027 81.8 (0.2)
Note. SE = standard error of percent.
2.3. Data Analysis
The Generalized, Unbiased, Interaction Detection and Estimation (GUIDE; http:
//pages.stat.wisc.edu/~loh/guide.html (accessed on 3 September 2021)) [30] classification
and regression-tree modeling program, GUIDE version 38.0, was used in Windows 10 to
identify predictive variables and the best combinations of predictive variables associated
with POP, and distinguish subgroups of federal employees in federal public health and
human services agencies based on POP. Because GUIDE has no underlying distributional
assumptions about predictors or outcome variables, we modeled POP as an ordered cate-
gorical (i.e., strongly agree, agree, neither agree nor disagree, disagree, strongly disagree).
GUIDE is a nonparametric, machine-learning method for constructing a prediction model
via binary recursive partitioning of the data, which can be graphically represented as
a hierarchical decision tree based on a defined outcome. In each partitioning iteration,
GUIDE conducts chi-square tests to evaluate the associations between each predictor vari-
able and the outcome, and selects the most important predictor variable (node splitter)
and optimal cutoff of the predictor variable to identify mutually exclusive and exhaustive
subgroups of a population of interest (in this case the population of the U.S. federal govern-
ment employees in public health and human services agencies) based on the outcome (i.e.,
POP). Participants within each subgroup share similar characteristics that influence the
probability of belonging to the interested response group. In addition, GUIDE computes
an importance score for each predictor variable and provides a threshold score (1.0) for
distinguishing important predictor variables from unimportant ones. Importance scores
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greater than 1.0 are typically interpreted as important to outcome prediction [31]. GUIDE
uses user-specified V-fold cross-validation for pruning to develop optimal tree structures.
In the current study, 10-fold cross-validation was employed to estimate the misclassification
cost associated with competing trees and evaluate predictive performance of the final tree
model. GUIDE was selected in the current study based on some advantages over other
decision-tree models (e.g., RPART) [32] in that it is unbiased in variable selection and treats
missing values in the predictor variables as informative without prior imputation [33].
3. Results
Table 1 presents sample characteristics of federal government employees in public
health and human services agencies in the current study. About 62.9% of federal employees
in health agencies were female, 80.7% had a bachelor’s degree or higher, and 53.0% have
worked within the federal government for more than 10 years. Most employees endorsed
high levels of agency performance (81.8%) and satisfaction with their jobs (74.1%), while
27.9% intended to leave their agency within the next year.
The final classification tree of POP is shown in Figure 1. The GUIDE analysis identified
several tree-splitting variables and identified 33 subgroups of employees with POP levels
that were high risk (i.e., those who strongly disagreed or disagreed with their agency’s
performance as high, 2 subgroups), moderate risk (i.e., those who neither disagreed nor
agreed with their agency’s performance as high, 6 subgroups) and low risk (i.e., those who
strongly agreed or agreed with their agency’s performance as high, 25 subgroups).
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Figure 1. The GUIDE Classification Tree Model of POP. Note. GUIDE = Generalized, Unbiased, Interaction Detection
and Estimation; POC = Performance-oriented Culture; OS = Organizational Satisfaction; TOL = Task-oriented Leadership;
WSS = Work Security and Safety; OC = Organizational Commitment; GC = Goal Clarity; ED = Employee Development;
OPJ = Organizational Procedural Justice; JS = Job Satisfaction; WUP = Work-unit Performance; SSL = Satisfaction with
Senior Leadership; IM = Intrinsic Motivation; H in a red circle stands for a high-risk subgroup; M in an orange circle for a
moderate-risk subgroup; L in a blue circle for a low-risk subgroup.
Performance-oriented culture was the first splitting variable in the classification tree
of POP, showing higher rates of belonging to high- or moderate-risk groups (34~71%,
the left branches of the tree) among those who did not endorse that their agency has
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high level of performance-oriented culture compared with those who endorsed. Among
employees who did not endorse high levels of performance-oriented culture at their agency,
employees’ organizational satisfaction was the second splitting variable predicting high
or moderate risks of POP. Particularly, high risks of POP (46~71%) were observed among
those who perceived that their manager poorly demonstrates task-oriented leadership in
accomplishing the organizational goals and perceived that employees’ security and safety
on the job are not protected properly (71%), and those who did not endorse their agency as
a good place to work even though they perceived that their security and safety are properly
protected at their agency (46%).
Among employees who did not endorse high levels of performance-oriented culture
and were dissatisfied with their agency, those who perceived that their agency does not
secure organizational procedural justice or fairness in personnel practices (e.g., illegal
discrimination or violation against any employee promotion/applicant) and that employee
development is not supported by their agency to acquire the job-relevant knowledge
and skills necessary to accomplish the organizational goals are at a particular high risk
of belonging to a moderate-risk subgroup (60%). Employees’ low levels of perceptions
on task-oriented leadership, commitment to their agency, lack of goal clarity, and work
security and safety and job dissatisfaction increased risks of belonging to moderate-risk
subgroups (34–56%). In contrast (see the right branches of the tree), employees’ high levels
of perceptions on organizational procedure justice, commitment to their agency, work-unit
performance, employee development, intrinsic motivation, goal clarity for the job, and
safety and satisfaction with senior leaders at agency are associated with low risks of POP.
As shown in Figure 2, performance-oriented culture had the highest importance score
(an indicator of the relation of the predictor variable with POP across all possible classi-
fication trees). Organizational procedure justice, commitment to agency, and satisfaction
with senior leaders also had very high importance scores. Trust in leadership, employee
empowerment, management communication, rewards for innovation, and satisfaction
with senior leadership had high importance scores but were not included in the final
classification tree of POP.
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4. Discussion
This study aimed to identify i teraction patterns of risk factors that differentiate
public h alth and human services employe s who perceived their performance as low
and to devel p targeted intervention f r at-risk subgroups to enhance their perceptions
of POP by e ploying the GUIDE machine-learning classification decision-tree model. In
this section, (1) the first and second important split vari bles of POP, (2) risk factors and
interaction patterns in high- and moderate-risk subgroups, (3) implications for the use of a
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machine-learning approach to sustainable HRM in industry 4.0, and (4) the limitations and
future research are discussed.
4.1. The First and Second Split Variables from the Classification Tree Model
The first split variable of the classification tree model was performance-oriented cul-
ture (particularly employee recognition), and it was strongly predictive of POP. This is con-
sistent with the findings of prior studies showing strong associations between performance-
oriented culture and POP [13,34,35]. Organizational culture defines the boundaries of
acceptable action for employees and thus leads to the desirable behaviors and expected
outcomes [12,36]. The Organisation for Economic Co-operation and Development high-
lighted that cultivating performance-oriented culture in the public sector is an essential
step towards performance improvement [13,37]. Particularly in this study, employee per-
formance recognition was the strongest predictor of POP compared to other aspects of
performance-oriented culture (e.g., monetary incentives) such as merit-based promotion,
pay raises based on performance criteria set by the organization, and management on
poor performance. According to Nelson’s book entitled 1001 ways to Reward Employees,
employee recognition based on job performance is the top driving force of employee per-
formance [38]. In a controlled field experiment study that examined the causal effect of
employee recognition on performance, the major findings of the study demonstrated that
unannounced recognition to exclusive employees was the most cost-effective tool com-
pared to monetary or material rewards for performance, especially for non-recipients since
they are aware that their performance needs to be improved [39]. Thus, management in the
public health and human services agencies should cultivate performance-oriented culture
where a large group of best-performing workers are recognized for their performance so
that not only recipients but also non-recipients of recognition hold themselves responsible
for performance improvement, which in turn improves POP.
Organizational satisfaction was the second split variable of POP and was the strong
moderating variable that worsens an association between low performance-oriented cul-
ture and low POP. Organizational satisfaction is defined as “perceptions of employees on
how satisfied they are with the organization considering everything [40]” and is one of
the three aspects of job satisfaction (e.g., pay, job, and organizational satisfaction) [41–43].
Prior studies confirmed that high levels of job satisfaction, including organizational satisfac-
tion, lead to high organizational performance because employees with high job satisfaction
work harder and devote themselves to the organization [44]. One study that examines
associations between merit-based pay systems and three types of job satisfaction found that
merit-based pay systems had a greater negative association with organizational satisfaction
than other aspects of job satisfaction (e.g., pay and job satisfaction), indicating that employ-
ees working in federal agencies with merit-based pay had significantly lower organizational
satisfaction than those working in other agencies [45]. This research finding is consistent
with the one in the current study regarding employee recognition: providing non-monetary
recognition for a group of highest-performing employees was a more cost-effective strategy
for improving POP than merit-based promotion and pay raises based on performance
criteria set by the organization. This frustration and dissatisfaction toward the organization
stem from a failure in the financial incentive systems that may create highly competitive
and stressful workplace environments. In the HRM and organizational behavior fields, it is
recommended that non-monetary incentives or rewards such as non-monetary recogni-
tion enhance favorable perceptions of employees on the organization and thus increase
satisfaction with the organization [46]. Although types of non-monetary recognition vary
and there is no standard approach to it, the most crucial factor that determines the scheme
of non-monetary recognition is organizational culture [47]. Therefore, given performance-
oriented culture that promotes employee recognition, management in the public health
and human services agencies strongly encourages leaders and managers to establish the
scheme of non-monetary recognition and thereby increase employee satisfaction. There are
three common non-financial recognition schemes: praise, vouchers, and nomination-based
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schemes [47]. Praise is the most obvious and simple method for personal acknowledgement.
Leaders and managers in the public health and human services agencies acknowledge high
performing workers by simply telling them “thank you”. Another popular scheme for
non-monetary recognition is vouchers. When designing vouchers, leaders and managers
in the public health organizations may consider individual preferences to vouchers so that
vouchers fit the needs of recipients. Thus, agencies get employees involved in the design
of vouchers through surveys or focus groups. Finally, nomination-based schemes are also
an effective way of non-monetary recognition. Leaders and managers in the public health
organizations may offer a trophy or certificate for an employee’s contribution and nomi-
nees may be nominated by colleagues. This non-financial employee recognition scheme is
effectively implemented in the performance-oriented culture.
4.2. Risk Factors and Interaction Patterns in High- and Moderate-Risk Subgroups
As mentioned above, both performance-oriented culture, employee recognition,
(the first split variable) and organizational satisfaction (the second split variable) con-
tribute to increasing risks from public health and human services employees who perceive
the agency performance as very low or neither good nor poor by interacting with other
workplace environmental factors. The machine-learning classification decision-tree model
identified two high-risk subgroups who perceived organizational performance as very low
and six moderate-risk subgroups who perceived organizational performance as neither
good nor poor. For high-risk subgroups, along with low levels of performance-oriented
culture and organizational satisfaction, public health and human services employees are
likely to perceive the agency performance as very low unless task-oriented leadership role
is well-implemented, employees’ commitment to the agency is increased, and work safety
on the job is secured. More specifically, task-oriented leadership in this study involves lead-
ership behaviors that seek to accomplish the organizational goals and missions [14], which
in turn enhances POP. In addition, this task-oriented leadership behavior of communicating
the goals and priorities of the organization with employees leads to higher organizational
commitment. According to Ko, Hur, and Smith-Walter [35], communicating with man-
agers regarding the organizational goals and priorities was the most powerful predictor
of organizational commitment. To promote this task-oriented leadership behavior and
organizational commitment of employees, management in the public health and human
services agencies need to encourage leaders and managers to evaluate and communicate
the organizational progress toward achieving the agency’s goals and missions. Physical
work environments such as work security and safety also played a moderating role with
other risk factors in high-risk subgroups. The research finding suggested that healthier and
safer work environments enable employees to perform jobs more efficiently and effectively,
and increase job satisfaction [15]. Low satisfaction with work security and safety leads to
very low POP of high-risk subgroups interacting with other risk factors. To improve work
security and safety, training and education for health and safety at work were found to have
the only significant impact on job satisfaction among other strategies such as management
practices for health and safety [48]. Thus, management in the public health and human
services agencies should pay attention to implementing training and education for health
and safety at work.
For moderate-risk subgroups, additional factors such as goal clarity, organizational
procedural justice, and employee development increased risks that public health and
human services employees perceive the agency performance as neither good nor poor,
interacting with the risk factors found in high-risk subgroups. While task-oriented lead-
ership behaviors of communicating the goals and priorities with employees in high-risk
subgroups were important for POP, whether or not employees themselves clearly know
how their work relates to the agency’s goals had an influence on POP. The prior study
suggested that employees’ goal clarity and good common understanding of it positively
influence organizational performance [49]. Although self-management or high levels of
decision-making autonomy could be a good venue to strengthen the relationship between
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the goal clarity and agency’s performance, it is not sufficient to moderate the relationship,
because employees or teams may be in chaos with high levels of autonomy [20,50]. It is
recommended that high autonomy with sufficient performance feedback should be given
to employees or teams since performance feedback increases the effect of autonomy by
clarifying the organizational goals [50]. Thus, leaders and managers in the public health
and human services agencies should provide both high-level autonomy and a wealth of
performance feedback for employees or teams. Organizational procedural justice was
also one of the moderating factors that worsen employees’ POP in the current study. Pro-
moting organizational procedural justice practices in strategic decision making not only
produces high-quality strategic decisions but also increases the capacity to implement those
decisions in an effective way [16]. Thus, management in the public health and human
services agencies should organize organizational procedural justice practices into strategic
decision-making processes. Employee development also had an interaction effect in the
relationship between other risk factors and POP. Employees are not likely to perform better
unless work units or agencies provide the job-relevant knowledge and skills necessary
to achieving the agency’s goals. Therefore, leaders and managers in the public health
and human services agencies should assess training needs of employees and provide
employee development opportunities such as training and education for employees to
obtain job-relevant knowledge and skills.
4.3. Implications for the Use of Machine-Learning Approach to Sustainable HRM in Industry 4.0
This study began with the idea that POP has an influence on employees’ attitudes or
behaviors such as retention and turnover that improve or impede organizational sustain-
ability and competitive advantage. To better understand a mechanism on how individual
and workplace environmental factors interact with each other and POP, a machine-learning
classification decision-tree model was employed to identify the complex interaction pat-
terns of risk factors that worsen the relationship between predictors and POP. As human
resource practitioners are faced with improving efficiency and developing and retaining
talented workers for sustainability in the industry 4.0 revolution, we can take advantages
of using machine-learning techniques in improving sustainable HRM practices. First, as
sustainable HRM takes a holistic approach to people management, HRM departments
should consider the complexity of interactions among various individual, internal work-
place environmental factors, and societal and global factors, and the dynamics of them
when designing and developing HRM practices. While traditional statistical models (e.g.,
logistic regression) only include a limited number of theory-based factors verified in the
prior studies, the machine-learning classification decision-tree model can overcome this
weakness of traditional statistical models by freely exploring unspecified interaction pat-
terns by allowing a large number of predictors and their interactions that may influence an
outcome of interest simultaneously with a large volume of data and find the best prediction
model. It enables HRM practitioners to make a more accurate prediction on challenging
organizational issues by considering the complexity and dynamics of the realities in the
workplace and to help make data-driven and evidence-driven decisions. Second, while
traditional statistical models target the entire population and develop interventions for the
population, the machine-learning classification decision-tree model classifies subgroups
of populations, especially for at-risk subgroups, and develops targeted interventions for
those subgroups in a more efficient and effective way. This helps management make an
investment in the limited resources to develop the cost-effective strategies for sustainable
HRM practices. Coping with new challenges in industry 4.0, the machine-learning classifi-
cation decision-tree model can offer a more accurate prediction model and help develop
targeted interventions for subgroups.
4.4. Limitations and Future Research
Although we used machine learning classification decision-tree modeling as a novel
approach that efficiently identifies multiple, complex interactive effects of predictors and
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classifies subgroups of the population at high or low risks based on POP with a nationally
representative sample of the U.S. federal public health and human services workforce, this
study has some limitations. First, as with all observational studies, causal relationships
between predictors and POP cannot be established without making more assumptions
about the data. Second, although POP is a strong predictor of agency performance, the
latter cannot be captured by employees’ perceptions accurately because different aspects
of individual and workplace environmental factors may influence actual performance.
Indicators that measure actual agency performance should be used, and different dynamics
and interactions of predictors should be explored. Federal agencies are required to evaluate
whether they meet targeted goals and report their agency performance through perfor-
mance and accountability reporting. This performance and accountability report can be
used as the actual performance of federal agencies in future research to identify important
predictors of actual agency performance and the complex patterns and interactions between
predictors. Finally, this study used the GUIDE classification and regression-tree method to
examine the complex, dynamic interaction patterns of predictors that differentiate govern-
ment employees with high or low risk of POP. As a supervised machine-learning approach,
GUIDE has advantages such as accurate identification of subgroups and optimal prediction
of the outcome of interest. However, although GUIDE generates the best prediction model
of an outcome (i.e., the best tree model) that makes interpretation easy, this analytic strategy
may not reveal other important and possible scenarios. Future research may employ other
computational intelligence algorithms (e.g., monarch butterfly optimization, elephant herd-
ing optimization, and slime mould algorithms) to cluster hidden patterns of subgroups of
POP without the use of labeled datasets.
5. Conclusions
This study identified factors associated with public health and human services em-
ployees’ POP, classified high-, moderate-, and low-risk subgroups, and developed targeted
interventions for those at-risk subgroups. The machine-learning classification decision-tree
model efficiently identified that the two most important split variables of performance-
oriented culture and organizational satisfaction interacted with other variables (e.g., task-
oriented leadership role, work security and workplace safety, commitment to their agency,
goal clarity, organizational procedural justice, and employee development) while worsen-
ing public health and human services employees’ low POP. It also highlights the value of
identifying complex interaction among risk factors and developing targeted interventions
for high- and moderate-risk subgroups when modeling HRM practices to improve public
health and human services employees’ POP. Based on the findings of this study, leaders and
managers in the public health and human services agencies should cultivate a performance-
oriented culture where a large group of best performers are recognized based on their
performance, thus enhancing employees’ POP. Interventions might be designed or applied
to mitigate risk factors that are strongly relevant to risk subgroups of POP. Targeted inter-
ventions may increase the cost-effectiveness of interventions so that leaders and managers
allocate more resources to at-risk subgroups to enhance their POP. Despite the benefits of
targeted interventions for at-risk subgroups of POP, the mechanism through which risk
factors influence POP, which in turn improves or impedes organizational sustainability,
is still unknown. We would encourage future research to discover that mechanism for
enhancing organizational sustainability. This sort of study would help determine more
effective sustainable HRM practices and improve organizational sustainability.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su131810329/s1, Table S1: Predictor Variables Included in the Machine Learning Classification
Tree Model (FEVS, 2018).
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